1 *METHOD FOR ENHANCI NG SURFACE CONDI TI ON The present invention generally
concerns the surface treatnent of materials, and particularly the
treatment of substrates intended for the fabrication of conponents in

‘T croel ectroni cs and/ or optoelectronic;LappIications. 5 More precisely, the
i nvention concerns a nethod for enhancing the condition of the free
surface of a wafer in sem conductor material, said neth rising a
"rTapid thernmal annealing step to snooth said free surfac @Ig@wwmmm
surface" is nmeant the surface of a wafer 10 which is exp

outside environnment (as conpared wth an interface surface Whisoh is in
contact which the surface of another wafer or another elenent). By "rapid
thermal annealing” is nmeant rapid annealing in a controlled atnosphere,
following a nethod 15 that is usually known as the RTA nethod, the
abbreviation for Rapid Thermal Annealing. In the remgmﬂﬂwmmﬂmmﬂmma
description, this nethod shall indifferently be calle I
annealing or RTA 2 To achieve RTA annealing of a wafer ofcomierial, the
wafer is annealed at a high tenperature, possibly in the region of 1100C
to 1300C for 1 to 60 seconds. RTA annealing is conducted in a controlled 5
at nosphere. In the preferred application of the invention, this atnosphere
may for exanple be an atnobsphere containing a m xture of hydrogen and
argon, or an

METHOD FOR ENHANCING SURFACE CONDITION

The present invention generally concerns the surface
treatment of materials, and particularly the treatment of
substrates intended for the fabrication of components in
microelectronics and/or optoelectronics applications.

5 More precisely, the invention concerns a method for
enhancing the condition of the free surface of a wafer in
semiconductor material, said method comprising a rapid
thermal annealing step to smooth said free surface.

By “free gurface” is meant the surface of a wafer

10 which is exposed to the outside environment (as compared
with an interface surface which is in contact which the
gsurface of another wafer or another element).

By ‘“rapid thermal annealing” is meant rapid
annealing in a controlled atmosphere, following a method

15 that is usually known as the RTA method, the abbreviation
for Rapid Thermal Annealing.

In the remainder of this description, this method
shall indifferently be called rapid thermal annealing or

RTA.



at nosphere of pure argon. In this preferred application of the invention,

said 10 invention is inplenented in particularly advantageous nmanner in

conbination with a nethod for fabricating thin filns or layers of

~sem conductor material of the type described in patent FR 2 881 472. One

met hod reproduci ng the teaching of the above- 15 cited docunent is known as

the SMARTCUT(r) nmethod. Its main steps are schematically as follows: - an

atominplanting step to inplant atonms under a surface of a substrate in

seni conduct or naPeichiteVs RTornMed Lgact icdulrarp st &f MAdisHitati di*Sone of

the substralge 20 s £ GOMACtdNg, Shepnf ebnpbegeuEant 3ekisn®19f itthe he

i npl ant ed substrate with a stiffener, and - a splifting step of the

i npl ant ed swgstomatod Al G0HE  tiondI3&Mt°at iforr Zone, @00 stecamstser t hat part of the

substrate |I|oca bet ween.the surface subm.tted to inplantation-and 25 the

o antati on sofdont G URALSURY fenier CIEVERY Fornt g B ¢ RO Ty 8

|l ayer, ®f semce@hduet.onnipor e fatter apdBy cttamn md anatinreritsion,

particul arly nmeant any bonbarding of atomor jion species able to insert

these spedifds$ | MEPRSRRAE? nREEri d0Twi (IRA e nith 361corfdeMIRAGGh of

i mpl ant ed [ | ocat.ed det nyﬂgg, h t er | ative to

t he bonbargggﬁxﬁﬁPflceé sgﬁggﬁgg déﬁ?ne a a enfﬁgizgﬁéﬂﬁ% Tﬁggdg%%h of

t he weakeniangnoaphe res cdependertragpon the type of species inplanted, and on

their inplantin nergy. It is specified.that in,this description t he
L faie i arenipd REHIRGeh @ertie hveitior! | dY

5 general term
10 invention 1is implemented in particularly advantageous

manner in combination with a method for fabricating thin
films or layers of semiconductor material of the type
described in patent FR 2 881 472.
One method reproducing the teaching of the above-
15 cited document is known as the SMARTCUT® method. Its main
steps are schematically as follows:

- an atom implanting step to implant atoms under a
surface of a substrate in semiconductor material (silicon
in particular) in an implantation zone of the substrate,

20 - a contacting step for close contacting of the
implanted substrate with a stiffener, and

- a splitting step of the implanted substrate at the
implantation zone, to transfer that part of the substrate
located between the surface submitted to implantation and

25 the implantation zone onto the stiffener thereby forming
a thin film, or a layer, of semiconductor upon the latter.

By atom implantation is particularly meant any
bombarding of atom or ion species able to insert these
species in the wafer material with a maximum

30 concentration of implanted species located at a
determined depth of the wafer relative to the bombarded

surface, so as to define a weakening zone.



transferred by said nethod of SMARTCUT(r) type. The wafer (which is in

sem conductor material) may therefore be associated with a stiffener and
optionally wth other internediate layers. 10 In this description, the
term"wafer" also covers any wafer, layer or filmof sem conductor

material such as silicon, whether or not the wafer has been produced by a
nmet hod of SMARTCUT(r) type, the objective in all cases being to enhance
the condition of the free surface of the 15 wafer. For the applications
mentioned at théhst aPtdt ohi $heddiRaiptitth, ZPRR rAsughrre’ISpeciPPlat i ons

associ at edt}“[bthc pteheoffr%ge%q%fsa%ﬂaﬂ@é&,rsaﬁae MErynstfingentncang the
roughness o th@/free surface of watfers I's a paraneter 20 ich, to a
certain extemttgydeterm nes the quality of the conponents which are to be

made on this wafer., It is therefo requent .to find roughness

speci fi cations whi ch® d&HF lgﬁf%%eég%LA t O iﬂe?ﬁﬁlpgg ﬂeip?nghgtanding
for root neganesguar @ermS Hafsrspeckfi edahRat greughfiess measunegerts are
general ly made using an Atomic Force M croscope - AF Wth this type of

apparatus,tﬁ@n@ﬁﬁé§§di§Yn§a§dr@&taﬁdseﬁf§Mé§TEEQ@nédg%y the tip of a AFM
m croscope, andThEaW%¥%£rfW%%%%X¥%0'%'%%%H%JHQFC@NQ ﬂQE@rEQP§U%Eby 30

50x50 nR2, and even soneti nes m 2. Roughness can be characterized
accordi ng toetredormodad | $sesciat@adr wiichl ar . sl Atoordi agdt optthenkillst ,

[ﬁgQQP§Zf Qﬁt%ik%h%%tE%tgk%gdigkgq%%9%¥s§nd relates to scanned surfaces in

10 In this description, the term “wafer” also covers
any wafer, layer or film of semiconductor material such
as silicon, whether or not the wafer has been produced by
a method of SMARTCUT® type, the objective in all cases
being to enhance the condition of the free surface of the

15 wafer.

For the applications mentioned at the start of this
description, the roughness specifications associated with
the free surface of wafers are very stringent, and the
roughness of the free surface of wafers 1s a parameter

20 which, to a certain extent, determines the quality of the
components which are to be made on this wafer.

Tt is therefore frequent to find roughness
specifications which do not exceed 5 Angstroms in rms
value (rms standing for root mean square).

25 It is specified that roughness measurements are
generally made using an Atomic Force Microscope - AFM).

With this type of apparatus, roughness 1s measured
on surfaces scanned by the tip of a AFM microscope, and
ranges from 1x1 pn@ to 10x10 um?, and more unusually

30 5050 Om?, and even sometimes 100x100 am? .

Roughness can be characterized according to two

modalities in particular.



According to the second nodality, roughness is said 5 to be |ow frequency
and relates to scanned surfaces in the order of 10x10pn2 or greater. The
5- Angstrom_ specification given above by way of indication is therefore a
Toughness corresponding to a scanned syrface of 10x10n2. 10 And wafers

whi ch are produced using known nethods (SMARTCUT(r) or other nethods) have
surface roughness values which are greater than those nentioned above, in
‘t he absence of any specific treatnent to the wafer surface such,as
pol i shing. 15 CRECPFHERTIt ypetBe khbHih nEPHBANESS r 8UBRIENEC P%ughﬂass of

waf er surf?gsguggegi §flé 9&13'&9@1 thi Bgahheq wabehchbe iRopMENbLERAl oeheat
treatnent (sacrificia oxi dation for exanple). But treatnment of this type
does not mhké jim’possible 20 to bring wafer roughness down to the |evel of

t he above- nentjoned specifications. d ile it is indeed possible to
consi der mul tipFGPRG: ﬁetgt%§§ of= &4 W§§%ﬁ§%¥Twﬁﬁu?Qﬁﬁs?rgatﬁ%ﬁ? and/ or
conbi ning themani 1y okherubypes 0fd krow det Bedsca2indd $wrthessr educe

surface roughness, this would require a |ong, conplex process. A second
type of knbhA netssd f orf redQ&ilLAEMSUr PEce IGSUGHNess tdnsPsHEISE TEBnduct i ng

cher oo TEGUSDECRLe ) | SILAD Oyt 18p Speface: o hecupler 20 Wi,
the free suhtae€oot theowafreressb ddrtdwpatefissy tongeateahednshasdaar
increasingofgaggaggﬁzin the direction of the free surface of the

10 And wafers which are produced using known methods
(SMARTCUT® or other methods) have surface roughness
values which are greater than those mentioned above, in
the absence of any specific treatment to the wafer
surface such as polishing.

15 One first type of known method to reduce the
roughness of wafer surfaces consists of submitting the
wafer to “conventional” heat treatment (sacrificial
oxidation for example).

But treatment of this type does not make it possible

20 to bring wafer roughness down to the level of the above-
mentioned specifications.

And while it is indeed possible to consider
multiplying the steps of said conventional heat treatment
and/or combining them with other types of known methods,

25 to further reduce surface roughness, this would require a
long, complex process.

A second type of known method for reducing surface
roughness consists of conducting chemical-mechanical
polishing of the free surface of the wafer.

30 With this type of method it is effectively possible

to reduce the roughness of the free surface of the wafer.



wafer, with this second type of known nethod it is also possible to abrade
said wafer down to a zone having an 5 acceptable defect concentration.
However, this second type of known nethod has the disadvantage of

-conprom sing the uniformty of the thisckness of the effective |ayer of the
wafer, that is to say the layer which will effectively be used to create
10 conmponents. And this disadvantage is heightened if nmajor polishing of
‘the wafer surface is _performed, which would, be the case i,n order, to

achi eve roughneds vdififes idrtas CehosRthehtPdned®dbod8. 18 ASES diThg to a

third type Qfqiethod;nt hg afiereibsioaubiectad torddAsanteall ngei iR
control | ed "at nrosphere. Wth this third type of nethod it is possible, in
gener al | y satfiesf,acticrly mmhmesecondr sdpee atheisanti agethedughnéss adfsanaf er s

(in particul ar .,w.thout deteriorat.in 0t hi_cknes i n.ty .of the
effective Ipé)fgrl laendt(f hf raflﬁersgflgr g”aog rergg‘%'t}lslgﬁuﬁ o%orge? ﬁ%&gb sta?l
Howevers whidedtadle idadeed possiditeaditdn.this third type of method to

achieve globally satisfactory high frequency and | ow frequency rqughness
val ues, the 25 eVeEnt HasS 0B8EPREd tRG %ﬁbrjﬁ“tof"innd“?%&%:/agég ttg‘eRTA

anneal i ng ¢an Jead QA disadvant Age: s g fi PReanahysbsmgt yt he rsurdrace
condition of wafers 7(silicon wafers in particular) which have undergone

such tr eattientknetsve Appitiec anftf daguing: tlwatethalfes hof wadreyr srdldt 36 dize were
super | TPosed 1 L 6o oRe SETer Sl LEUNEES YA BB 88 o
10 components.

And this disadvantage is heightened 1if major
polishing of the wafer surface is performed, which would
be the case in order to achieve roughness values such as
those mentioned above.

15 According to a third type of method, the wafer is
subjected to RTA annealing in a controlled atmosphere.

With this third type of method it is possible, in
generally satisfactory manner, to reduce the surface
roughness of wafers (in particular without deteriorating

20 the thickness uniformity of the effective layer) and this
therefore offers a solution of interest.

However, while it is indeed possible with this third
type of method to achieve globally satisfactory high
frequency and low frequency roughness values, the

25 Applicant has observed that submitting the wafer to RTA
annealing can lead to a disadvantage.

On fine analysis of the surface condition of wafers
(silicon wafers in particular) which have undergone such
treatment, the Applicant found that holes of very small

30 size were superimposed on a surface whose general

roughness was otherwise satisfactory.



atomc force mcroscope. These small holes typically have a size in the
order of a fewnmin depth and a few dozen nmin dianeter. 5 These hol es
have simlarities with the holes that can sonetinmes be observed on the
'surface of materials such as silicon and which are attributed to a
so-called “pitting' phenonenon. It is specified that while the term
_"Eitéi ng'r'] wll 10 be used in this description for reasons of practicality,
t he depth/di ameter .ratio of. these .holes . is. |ess than.t ratio ual |
encountered in Hﬁ\}/]er?ﬂa%"}'ﬁlsca%aer}s i m%??t?ﬁgp%ﬁgrrggﬁﬁg%i éce}]l%ﬁu(f}h;g% y
"pitting” witldmiwWhifedr ae il ostopeancer ned here does not have the sane cause
as the "pitting" phenomenon which is generally described in the state of
the art. Pitti nghieﬁet paadtlatelss thwigal livs hsiterral3 iz dud tidie quiet s

embedded in & he Alj ¢knasgs c%f(pttl'h%nvé@faerfemﬁtaedfﬂnﬁ nm 2% Heskdef ects may be

attacked by heat treatnent (fTor exanple heat treatnent to I nprove the
surfacescondi ti amesef hdkepahere Jhetkeforeies nwtihée stlat ehofiesheclart, t he

phenonenon of pitting relates to holes generated th ttack of. 25
enbedded d&Fgtt SOTERIERPS RS sPREET VRS é%’gnggena%}l Sfad8 Tt o“‘%é%lﬁ%ls

application &R 13458: P8dowhiael spEGH i £8= t hetrehatast eol of i €5-@f11dhese
enbedded defects - in particular defects of "COP" type, COP standing for

Crystal 30 ‘Olitgiimst’ edPPaanedian - Ref erence may be nmade for exanple to the
passage on pagel%:ligegpégi%9e§4t%%ttQHﬁjﬂﬁtgﬁé t@?ﬁlhﬁﬁ.Hfmhg” will
10 be used in this description for reasons of practicality,
the depth/diameter ratio of these holes is less than the
ratios usually encountered in conventional cases of
pitting.

More precisely, the “pitting” with which we are

15 concerned here does not have the same cause as the
“pitting” phenomenon which is generally described in the
state of the art.

Pitting in the state of the art is generally due to
defects embedded in the thickness of the wafer material.

20 These defects may be attacked by heat treatment (for
example heat treatment to improve the surface condition
of the wafer).

Therefore, in the state of the art, the phenomenon
of pitting relates to holes generated by the attack of

25 embedded defects.

In this respect, reference may be made to patent
application EP 1 158 581 which specifies the
characteristics of these embedded defects - in particular
defects of “COP” type, COP standing for Crystal

30 Originated Particle. Reference may be made for example to
the passage on page 1 1lines 48 to 54 of this patent

application.



7 1t will also be noted that this application only sets out to inprove the
"l ong period" conponents of roughness, which relate to | ow frequency
roughness (scanned surfaces in the order of 10x10 pn2) whereas high 5
frequency conponents of roughness are not treated (see in particular page
10 lines 54-55 of this application) . Yet the phenonmenon designated as
"pitting" in this description also relates to high frequency roughness. In
‘ot her docunents, exanple EP 1 045 448 or FR 2 797 10 713, this sge
treatment obj ectfve'¥or @perikfy” n8§edde1i‘fil?1tedt§3}st HPREETEE B t RE &t i s

al so foundgefRd Lpct hese GaumNt ehet he1opiht thagicdo Wingdbndrefer erce is
made is not the "pitting" concerned by the present invention. 15 For
exanpl e EProughbes48 specich esralwdie t heot at get edredePaels &OE 96N esSOP"

type, these _defects being, .as have, see d attack
2PT kely 18 SgERer 208 raeA y ueds st TS e e 0 ec 1 Tes
(colums 2 [firke@edzy 20n@onah) st bdt rCOdGnmy exiemdtdawrted heeentedded

oxide layer of a_structure of SO tgfg%éthat is to say that these defects

V'
may ext endPRAtd ClHE Tt Hadndds binqHhe ePfaFhas PRPLASEAPE) entd&dded

oxi de | ayeg pphi CEhEﬁomEﬂ%ﬂ_t edqunderneath anseffective,dayer;pf siyiicon
whose 25 thickness may typically reach a few thousand angstrons). The

cor r espondideg crpiptttiiong'alsol eslatest te tdgh direERenty045u4BBetsiver ef ore have

o, Jepth possIl o SogllgeLlgse ekuehy Ol B i e o

hol es thhat 7amkg: this same treatment objective for “pitting” as
defined by the state of the art is also found.

And 1in these documents, the “pitting” to which
reference is made is not the “pitting” concerned by the
present invention.

15 For example EP 1 045 448 specifies that the targeted
defects are of “COP” type, these defects being, as we
have seen, embedded defects whose attack is 1likely to
generate fairly deep holes.

EP 1 045 448 therefore specifies (column 2 lines 55

20 et al) that COPS may extend down to the embedded oxide
layer of a structure of SOI type (that is to say that
these defects may extend into the thickness of the
material as far as this embedded oxide layer which is
located underneath an effective layer of silicon whose

25 thickness may typically reach a few thousand angstroms).

The corresponding “pitting” holes, in the case of EP
1 045 488 therefore have a depth possibly reaching these
values of a few thousand angstroms.

Therefore “pitting” as understood in the state of

30 the art designates holes that are:

- generated by the attack of defects embedded in the

thickness of the wafer layer



- generated by the attack of defects enbedded in the thickness of the
wafer |ayer 8 - these holes possibly having a depth in the order of a few
thousand angstroms. The "pitting" concerned by the present invention, on
-the other hand, does not result fromthe 5 attack of pre-existing defects.
This pitting only relates to places on the wafer surface on which
reconstruction snoothing by RTA annealing is not fully achieved, causing

“the onset of the small hales nmentjoned above. 10, The "pittjng" concerned
by the invention t8eSeh&IBiGr PP yPalpRPT Pcidaﬁptgheﬁb ‘Iﬂ%norﬁﬁrt hi s

respect, rgkerepcs PRYuBSLHABARgLE bR, single figure which shows a section
view of a silicon wafer 10 whose surface 100, initially determ ned by a

transfer 15 process Wheh daphchimnt, weencdredubiivtedheo RPAes&Akeal i ng.
The figure,shows.a superfjcial,kzone,101l, hayin thic S I t han
i ORPER:BRe B | v oslBhcriE | ine?) Bber Tyt af P he B0 It

100 nm ucture’is no | onge I ne. It is
thls.que 30taek weryprvaekowttihgckaesstwhi ch generates the pitting under
consideration in this description. This figure illustrates the different

nature of the Fespedtiitie "Di PRI Hg O 14 SPatR ¥t heNarthand thé 25
(B0 Bhpd B VR gt LEgpe e el tytessy i, (e
as under st endebhitbeipr not &nflfumkessved, causing the onset of the

small holes mentioned above.

10 The “pitting” concerned by the invention 1is
therefore a purely superficial phenomenon.

In this respect, reference may be made to the single
figure which shows a section view of a silicon wafer 10
whose surface 100, initially determined by a transfer

15 process with detachment, was then submitted to RTA
annealing.

The figure shows a superficial =zone 101 having a
thickness of 1less than 100 nm, in which the silicon
structure is no longer crystalline.

20 It is this zone 101 of very narrow thickness which
generates the pitting under consideration in this
description.

This figure illustrates the different nature of the
respective “pitting” of the state of the art and the

25 “pitting” of the invention.

And in the remainder of this description, the term
“pitting” is to be understood as specifically defined
above and not as understood in the prior art (unless
otherwise indicated).

30 The Applicant has therefore found that the

application of RTA annealing to a wafer (in particular a



ot herwi se indicated). 30 The Applicant has therefore found that the
application of RTA annealing to a wafer (in particular a 9 silicon wafer)
pronotes the onset of this pitting phenonmenon. This observati on was
particularly made with SO wafers (Silgicon-On-1nsulator wafers) or SOA
wafers -5 (Silicon-On-Anything) derived froma nethod of SMARTCUT" type.
And insofar as RTA annealing forms the ultimte step in wafer treatnent to
inprove its,surface condition, the pitting of a wafer surface after RTA
anneal i ng Fé 681, ﬂ?%%%blémQﬂ9ﬁﬁ§ttl epl??%ﬁt sBFfaEBlﬁen§P§Fé&gby RTA
anneal i ng whkhog¥hsh.in the end product. It is of course possible to
contenplate re-treating the wafers derived from RTA annealing to correct
this phenonenofhaad ebserdeaenr W@Srem®w%l¢¢k@{4Yt|WQFQn/W¥§;[Mﬂqlshing a

suf i cf ent  Lhicknesss of pigLed valer,. AUt Lhis.woul . a02Lgn i ye dd,se Lo the

pol i shi ng i sadvant ages nen tbove (as with the teac i ng of ~docunent
FR 2 7% 713ﬁlandnhmnthmst©aw@ttueﬂumuﬂlﬁﬁbmcmnmethed wift [SMRRACAIMIEAl | ng
woul d be Iost 20 One purpose of the invention is to inprove the nethods
for enhancit¥§Strhe condition of the free surface of a wafer in

sem conductor nmaharkakoky  RIA arnealinRg.1 iMer & RHRCISR) Yol taRR thurRege of the
invention is to free such nethods fromthé disadvantage related to the 25

above- nentnon@@f@nwnnﬁﬁtmﬁnteﬁpaimkaﬁyesata stihéaicavepnidan iappl itds nor e
particular%%tkgn%uQ£§qgs e%a%%E %% % téf”Ré%ﬁ%nﬁggfing raises a

10 problem since the “pitted” surface generated by RTA
annealing will exist in the end product.

It is of course possible to contemplate re-treating
the wafers derived from RTA annealing to correct this
phenomenon and to endeavour to remove the pitting by

15 polishing a sufficient thickness of pitted wafer.

But this would again give rise to the polishing
disadvantages mentioned above (as with the teaching of
document FR 2 797 713) and in this case the benefits
connected with RTA annealing would be lost.

20 One purpose of the invention is to improve the
methods for enhancing the condition of the free surface
of a wafer in semiconductor material by RTA annealing.

More precisely, one purpose of the invention 1is to
free such methods from the disadvantage related to the

25 above-mentioned pitting.

And as already said, the invention applies more
particularly to surfaces of wafers of SOI (or SOA) type
derived from a transfer method with detachment (for
example a method of SMARTCUT® type).

30 A further purpose of the invention is to put forward

an alternative to methods comprising a polishing step.



derirved froma transfer nethod with detachment (for exanple a nethod of
SVMARTCUT(r) type). 30 A further purpose of the invention is to put forward
an alternative to nethods conprising a polishing step. 10 To attain the
"obj ectives set forth above, the inventgon proposes a nethod for enhancing
the condition of the free surface of a wafer in sem conductor material,
said nethod conprising a rapid thermal annealing step to 5 snooth said free

surface, characterized in that before .rapid thergal nn%%ling t@ met hod
conprises prior Ctréhffeht &fCa SHPEFLLUESEl 26he offthe REPEF't o Pfevent

the onset of,(RhittibRI FWIIG S api fetRBENMEI AN A Oy aBHe TRRIA ttiker mal
anneal i ng can be conducted in a non- 10 reducing atnosphere. Sone

pr ef err ed, ofuthrotf reeristatfiage, ofspecidest lnhesenheonetcdon Heatiefhiedri on are
the follow_ ng:, - id prior .tr. ng_J1 s, hi n i

i nt ended tgaggcgﬁéﬁﬂinC%Wﬁf%ﬁﬁ) P?c%%#f%o%g?r%gﬂPgég%gﬁﬁpghgﬁg g%ature
anneal ifg is;octhdusiedl ifheca Netfdad, athmspheeeizedt hen t ehper dtaficereof sai d
hi gh tenperature annealing |ies between 600C E&g 1300C, .- thef%gg?erature
of said hi §RPEENPETRIHE artiE 3 hig 9 20t 1 f esMBELREen CEBBELSNG 1 L . with

sai d prior tLeRtueRt it 1 SpRssibleat 0 amows the gdhsturhed pantersf the
superficial zone, - said prior treatnent is chemcal attack, - said prior

treat ment itheofonsett etfchpigt brg ddyring eephiingheypel angsgiad ipdiorand eat ment
's Sacrifi%%%&de%%%Eh%E’ annealing can be conducted in a non-
10 reducing atmosphere.
Some preferred, but not limitative, aspects of the
method of the invention are the following:
- said prior treatment is high temperature annealing
intended to reconstruct the superficial zone,
15 - said high temperature annealing is conducted in a
neutral atmosphere,
- the temperature of said high temperature annealing
lies between 600°C and 1300°C,
- the temperature of said high temperature annealing
20 lies between 800°C and 1100°C,
- with said prior treatment it is possible to remove
the disturbed part of the superficial zone,
- said prior treatment is chemical attack,
- said prior treatment is of wet etching or dry
25 etching type,
- said prior treatment is sacrificial oxidation,
- the rapid thermal annealing step is followed by
sacrificial oxidation.
And the invention also proposes a SOI or SOA

30 structure obtained using a method according to one of the

preceding claims.



- the rapid thermal annealing step is followed by sacrificial oxidation.
And the invention also proposes a SO or SOA 30 structure obtained using a
met hod according to one of the preceding clainms. 11 O hers aspects,

“pur poses and advantages of the inventipn will be nore clearly understood
on reading the follow ng description of preferred enbodi nents of the
invention. 5 This descriptionis made with reference to the preferred

appl i cation of égﬁei nvention, which _concerns__enhancenent of tfhet%lérface

condition of a 67 SCRPSH&Per BEFPYSEStr8fa SMARTEOPES) &t hdd

However, thavwaktebn Ay 1Ibeomshid ferentlyypede2ot&ne eamreadehar atleri stic
of the different enbodinents of the invention is that the surface of the
waf er is pfepapedngridesEpiat RIA HiheBteigrdesh fRPeAIR8NtEnt@hddda o

reduce the-g%fn@ggnr oughness of the wafer. RTA annealing may in particular

be conductéd in an 15 at nosphere of a hydrogen/argon m xture, or pure

argon. 5Thi s RTRhasnedkbngiphyohhelef anedbe wohrlducteitbieanee nan- rtdduci ng
at nosphere. ted that this forns an .additi ong}la difference
n

It will be n
conpar ed \APtrﬁffaﬁéefjea%Wﬁch%?l%cﬁ nt2S ERTY N3G Byus HASCAnFESGES 014

(cited for chhencegend opty 3% t haseadecwmi s ae e@ncer med byr" pida i ng”
such as defined in the state of the art and not by the "pitting" such as

defi ned i nwelies desdriegt ifavn a SMARTAVE® §eadiod -edioweate EP thep45 14898 at al |
events 25mg9/e%en%tf tdei%cftérterne&att%%t_ intended to prevent the onset of
10 One common characteristic of the different
embodiments of the invention is that the surface of the
wafer is prepared prior to a RTA annealing step which is
intended to reduce the surface roughness of the wafer.
RTA annealing may in particular be conducted in an
15 atmosphere of a hydrogen/argon mixture, or pure argon.
This RTA annealing may therefore be conducted in a
non-reducing atmosphere.
It will be noted that this forms an additional
difference compared with the teaching of documents EP 1
20 045 448 and EP 954 014 (cited for the record only as
these documents are concerned by “pitting” such as
defined in the state of the art and not by the “pitting”
such as defined in this description).
It is also specified that EP 1 045 488 at all events
25 does not teach treatment intended to prevent the onset of
pitting, but rather curative treatment intended to cure
existing defects.
It is also specified that EP 954 014 does not teach
the application to a wafer of a treatment specifically
30 intended to prevent the onset of any pitting before RTA

annealing. The above document limits its teaching to the



pitting, but rather curative treatnent intended to cure existing defects.
It is also specified that EP 954 014 does not teach the application to a
wafer of a treatnent specifically 30 intended to prevent the onset of any
"pitting before RTA annealing. The above» docunent limts its teaching to the
12 application of RTA annealing. This also applies to the teaching of
_docunment FR 2 761 526. |f a wafer has been produced by splitting using the

SMARTCUT(r) thod, the surface of the wafer, is the surface 5 "a
spIitted";an§§C§EFP8céﬁ%a§T$r?@&&PéﬁpﬁfesT@hﬁcﬁ £ Eﬁ§ﬂ§6ﬂbhFot5§$bduce

through RTA-apneaki Y. 4becREdiNgRrt © oBe Ebkst enbodi ment of the invention,
this preparation of the surface of the wafer is made by high tenperature

anneal ing in a héuer akfatndsphdreen poodieted ePRTAPARREANDNYS1THe titenospher e
of this préﬁAR?Ep?@'hnghnﬁy bg.an, grdan or it ogen %%”Q%%h%%§TAEQ§S prior
t6 thé wafe ose ?

annealing 1's applied r, surtface to be treated is arranged
such that thasi spadpazerd; 1ohio® anp€akkendadDuttrggd v sitptéor wannealitng, the

tenperature may lie between 600C and 1300C. Preferably, this tenperature
lies betweeh 8BBENANHC 1£68ES 2HTPHPE BlPoflRRAedMong may al so be conduct ed

ina vacuum tRe-BrEsaYr oPRRR bt yrhavingoayeNal e eheURRnkion,
at nosphere. Wth said prior annealing it is possible to reconstruct the

di sturbed tbhe pfrepheawdfcer surflaeesanface of the wafer is made by
high temperature annealing 1in a neutral atmosphere,

10 before RTA annealing.

The atmosphere of this prior annealing may be an
argon or nitrogen atmosphere.

This prior annealing is applied to the wafer, whose
surface to be treated is arranged such that it is exposed

15 to annealing.

During this prior annealing, the temperature may lie
between 600°C and 1300°C.

Preferably, this temperature lies between 800°C and
1100°C.

20 This prior annealing may also be conducted in a
vacuum, the pressure possibly having any value of up to 1
atmosphere.

With said prior annealing it 1is ©possible to
reconstruct the disturbed zone of the wafer surface and

25 to remove the defects which would lead to pitting during
RTA annealing.

These defects, particularly generated during
splitting, were observed by the Applicant using an
electron transmission microscope with which it 1is

30 possible to visualize details in the order of magnitude

of one atom, in the form of cavities in the superficial



25 to renove the defects which would lead to pitting during RTA annealing.
These defects, particularly generated during splitting, were observed by
the Applicant using an electron transm ssion nmicroscope with which it is
30 possible to visualize details in thesorder of magnitude of one atom in
the formof cavities in the superficial 13 zone of the wafer, on surfaces
~of wafers derived froma SMARTCUT" net hod. These cavities are grouped

together in a superficial_ zone of the mafer t hi ck t
order of BOREvEral™Mo2HtSm i RYTL8CERe Yr %%%%Sg? f%£§£e?§9#?lese t he

zone undegvgRNSHHAEr akkABRgl.Ss a di sturbed zone relatlve to the | ower
regi ons of the wafer whose crystalline structure is not disturbed. 10
These cavities Hagshavevatdpanerer grauphe &pdether 1r0at §UPErdmCiPHe prior

anneal i ng ﬁgﬁﬁqu§ogggct§% %ﬁ] %avgﬁgvgytkgq%kng%rnaﬁ$ Q%EA(§P@$§IIQQ For

surface snbothi ng el'ng subsequent 'y conduct specific furnace) or
in 15 9 hessageaflutibaea as.RTA anneal i ng. According to a second enbodi nent
of the invention, the prior treatnent of the wafer consists of conducting

chenical attack Binghé‘Ma?%? BIFESEES 19 sTeRERI AV itttk hB§ BESt wet or

dry etchingnqél WReiddrdtlich casea W telkRel Qind NEePit OFel EBAMRNL 1S
to renove the superficial zone of the wafer which contains the cavities

menti oned abwee ardimhischfatbet Wafegawsesef arys tpiltltlingg sphawdmason sunder
RTA anneallng
not’ disturbed.

10 These cavities may have a diameter in the order of
10 to 20 nm.

The prior annealing may Dbe conducted in a
conventional furnace (RTA annealing for surface smoothing
being subsequently conducted in a specific furnace) or in

15 the same furnace as RTA annealing.

According to a second embodiment of the invention,
the prior treatment of the wafer consists of conducting
chemical attack of the wafer surface.

This chemical attack may be of wet or dry etching

20 type. In this case, the effect of the prior treatment is
to remove the superficial zone of the wafer which
contains the cavities mentioned above and which are the
cause of the pitting phenomenon under RTA annealing.

In all the embodiments of the invention, the purpose

25 of the treatment prior to RTA annealing is to treat the
superficial zone whose structure 1is disturbed by the
presence of cavities.

This treatment of the zone may consist of reducing
or removing the zone cavities (this is the case in the

30 first embodiment) or of directly attacking this zone to
reduce/remove this zone itself (second embodiment and as

will be seen later, the third embodiment also).



In all the enbodi nents of the invention, the purpose 25 of the treatnent
prior to RTA annealing is to treat the superficial zone whose structure is
di sturbed by the presence of cavities. This treatnent of the zone may
“consi st of reducing or renoving the zpne cavities (this is the case in the
30 first enbodinent) or of directly attacking this zone to reduce/renove
‘this zone itself (second enbodinent and as wll be seen later, the third
enbodi nent al so).

14 Accordin hird nbod'ne f the |nvent|on t he
waf er is subnit%EGOFSlQQCFFTlgléﬁ”d%%dﬁ??8 lﬁ??%r‘ﬁ% QEﬁAléh é§1|ﬁb I n
this third.gabodiseent;s theefdiect ©f therprieialSokheatAeat pirSocagaid to
reduce or to renpbve not only the cavities of the disturbed superficial

zone contaRﬁﬁngnﬂﬁéliQQVities but to reduce or renobve this disturbed

super fi cial zon - ERCLO Bl AUDTLAL T G e el et po saes fi ci

10 oxi dation be ore A anneal in I's dontributes towar
reductHDn/teﬁav&bnafﬂéuﬁ@asmutbedennue(or ms smmmﬁeedottbaﬂwtthQ al so
possible for this sacrificial OX|d2§|on trlbute t owar ds rq:u0|ng or

renovi ng t RBVEAIEEi 84 thE CHiSS W oR Sui’SErIfrJr e %erT et 3/dHiTsht -6t this

third embodibneRt e, thg,gacribi ciraljuexl dajd onrehePei S tdiiyi ded 4 b ean
oxi dation step and a deoxidation step, heat treatnment being inserted

bet ween t heuprirdariied soep dandetlfe deoxi dation step. 20 The oxidation step
's preferably copdugted.at &, LEMRSTALWS OfePSIMRSN {90G AN A100G

10 oxidation before RTA annealing, this contributes towards
reduction/removal of the disturbed zone (it 1s specified
that it is also possible for this sacrificial oxidation
to contribute towards reducing or removing the cavities
of this zone).

15 In one preferred variant of this third embodiment,
the sacrificial oxidation step 1s divided into an
oxidation step and a deoxidation step, heat treatment
being inserted between the oxidation step and the
deoxidation step.

20 The oxidation step 1is preferably conducted at a
temperature of between 700°C and 1100°C.

The oxidation step may be performed by dry route or
by wet route.

By dry route, the oxidation step is performed for

25 example by heating the wafer under gaseous oxygen.

By wet route, the oxidation step may be conducted
for example by heating the wafer in an atmosphere
containing water vapour.

Whether by dry route or wet route, according to

30 conventional methods known to persons skilled in the art,
the oxidation atmosphere may also contain hydrochloric

acid.



The -oxi dation step nmay be perforned by dry route or by wet route. By dry
route, the oxidation step is perforned for 25 exanple by heating the wafer
under gaseous oxygen. By wet route, the oxidation step may be conducted
“for exanple by heating the wafer in am=atnosphere containing water vapour.
Whet her - by dry route or wet route, according to 30 conventional nethods
_known to persons skilled in the art, the oxidation atnosphere may al so

contain hydrochlpric acid. 15 The oxidation st | eads to the formation of
an oxide on thiggur?%iéa%*oThé; ei?a%ﬁe %%aﬁgﬁ?egPﬁ@ﬁ l??epofsé%%nducted

using any heabe opekaki @urirdtendedthe wapeave the qualities of the 5
material formng the superficial zone of the wafer. This heat treatment my
be conducted undBe &eaRst dmeatoreniarit el eapedachied. UpANPhenvate&t case,

heat treat %g%sitéo erfi%ft%%‘?iehﬁr toexi%%'r%vg”%hae gradyal sfdsse 4 lttGE{QDerat“re

bet ween two alues or wth cyclic oscillation between two val ues,
etc.. Pefenablyalt ferhdaly theatmpetr fitdpli xonendudcttée atafereast in part at
a tenperature greater than 1000C, and npre g%rticularl at around

1100- 1200C. 15 BPéfefghity tuafdmfddt 14eabfrefPeREpSrs SERIUEBE AT

non- oxi di zi,Rg vat-nBgRkerempiha tatgosphere of the heat treatment may contain
argon, nitrogen, hydrogen, etc.. or it may also contain a mxture of these
gases. Heat treadbnéhe fe@ttasocdre, heat treatment is performed for

example with a gradual rise in temperature between two
10 wvalues or with cyclic oscillation between two values,
etc..

Preferably, the heat treatment step is conducted at
least in part at a temperature greater than 1000°C, and
more particularly at around 1100-1200°C.

15 Preferably, the heat treatment step 1s conducted in
a non-oxidizing atmosphere.

The atmosphere of the heat treatment may contain
argon, nitrogen, hydrogen, etc.. or it may also contain a
mixture of these gases. Heat treatment may also be

20 conducted in a vacuum.

In this preferred variant of the third embodiment of
the invention, the oxidation step is conducted before the
heat treatment step.

It is to be noted that while consideration may

25 already have been given to reducing pitting that is
specifically due to the heat treatment step of such
sacrificial oxidation, the problem which this invention
sets out to solve which is to prevent pitting due to a
subsequent RTA ahnealing step, has not been approached.

30 Moreover, it 1s recalled in this respect that the
“pitting” which may be caused by sacrificial oxidation is

“true” pitting (in which the holes are deeper than they



20 conducted in a vacuum 1In this preferred variant of the third enbodi nent
of the invention, the oxidation step is conducted before the heat
treatnent step. It is to be noted that while consideration may 25 already
“have been given to reducing pitting thed is specifically due to the heat
treatnment step of such sacrificial oxidation, the problemwhich this
.invention sets out to solve which is to prevent pitting due to a

b t_RTA ling step, .h t_b hed, 30 Mo it
recal I'ed i AEEn"S FosptET< ERat P "ORTE ¢ RGS T Oh- Ty e QAusEaoBy

sacrificiabnextdati @8 ksughtr ue" ppet/thRgs(ibBeYhieal therhal esnake idegper
than they 16 are mﬁdei wher eas the hol es under consideration, whose onset
it is soughtetgcprEdeny YiBssqhbah tBeRTAr&nABSPIing, are generally wi der

than they are dﬁ@lg%é‘g{ig ?ET‘SnE%BQSn@Q?@BE%%Q $aheri apk, JLNga@yidation 5

step starts wt in tenperature rise for heat treatnment and ends
bef or e 3 hestapt etaends.wiWt htiheastbreatimentengenat possrbse forcheat at

|l east in part, the defects that are _generated during the preceding steps
of the fabEFEQFWSHtp?8§e§§g§nge&8F8rtgfoﬁ?géﬁfnﬁﬁg?'wbre particul arly, heat

treatment can bg;epndugtedreheheatt iR®jaNdoakid1LERBELAW € agUQRlshat it
can cure crystalline defects such as stacking faults, "HF" faults etc.,

generated ifn therSupethé¢ci@i¢ayer Wiat hanmf aenctmit@d i fynife oxigat i on
L0 o o RaPUBLEEL bGP O CELMusRBhespRsEels dRYoHALDY 2
10 treatment.

More particularly, heat treatment can be conducted
for a time and at a temperature such that it can cure
crystalline defects such as stacking faults, “HF” faults
etc., generated in the superficial layer of the wafer

15 during the oxidation step.

By “HF” defect is meant a defect whose presence is
revealed by a decorative halo in a layer such as an oxide
layer embedded in the thickness of the wafer, after
treatment of the wafer in a hydrofluoric acid bath.

20 The deoxidation step is preferentially conducted in
a solution.

This solution is for example a 10 % or 20 %
hydrofluoric acid solution. A few minutes are sufficient
to remove one thousand to a few thousand angstroms of

25 oxide by immersing the wafer in this solution.

It is specified that in the different embodiments of
the invention, the RTA annealing step may be followed by
sacrificial oxidation such as described above (in this
case, 1f the third embodiment of the invention is used, a

30 two sacrificial oxidation operations will be conducted).



| ayer enbedded in the thickness of the wafer, after treatnent of the wafer
in a hydrofluoric acid bath. 20 The deoxidation step is preferentially
conducted in a solution. This solution is for exanple a 10 % or 20 %
“hydrofluoric acid solution. A few ninutes are sufficient to renove one

t housand to a few thousand angstrons of 25 oxide by imersing the wafer in
.this solution. It is specified that in the different enbodi nents of the

i nvention, the A annealing step.may_be. fol sacri_fici al qxi dation
sUch as descri boiCaBOUeL¢ PR PRI ShiBasan i SERE T AR5 TBoAFTERE 6P he
invention kands@dnga mdkeanoi sagesbirlal texitdali othOperattenseWillalyhe
conducted). 17 The addition of this sacrificial oxidation after RTA
anneal i ng Aék&5ei WapessiBl edyceniih Fﬁeaeﬂﬁééﬁﬁﬁethéyépeséf the wafer to

reduce it to a gdegined | H%l&%ﬂgfg%te d bt iy QHL el L yqby: 6t L Rg.Oon X dati on

time that 5 it 1's possible to mne t i ckness o be removed from
the effective ilsayerswfbldetwatiererinine Ithet herieflores hetantler steoodreichat with

the invention, h eg%h of its different enbadi nents, it is possible to
treat the SGRBrfPEi & ?SEéVﬁigﬁVﬁﬁhpéd %ﬁ ¥R&ESTo Applicant (particularly in

the case of SOI Ter YO Sthuekubes deki veddbremosMAREGHTE(r )vifet hads) so as
to prevent the subsequent onset of pitting during RTA annealing. And in

each of théQ@eéﬁb@dhnEﬂtsea@heQﬁnR#ﬁ|dhff$5ebh|ﬁﬁ#Qﬁﬂmﬁnﬁ%mréVeﬁéht in
ggﬁeZF{LaCS E%HB“%' QY @b WRLE § g?r%ﬁfﬁﬁ%e %%e%g %E% AN %%QQ this
g ~enhances the roughness wafers on “a finer sc
10 Applicant (partlcularly in the case of S0I or SOA
structures derived from SMARTCUT® methods) so as to
prevent the subsequent onset of pitting during RTA
annealing.
And in each of these embodiments, the invention
15 Dbrings major improvement in the surface morphology of
wafers which have undergone RTA annealing; this annealing
enhances the roughness of wafers and, on a finer scale,
the invention brings the added advantage of preventing

the onset of pitting.
20



theinvention brings the added advantage of preventing the onset of
pitting. 20 18 CLAIM5 1. Method for enhancing the surface condition of
wafers in sem conductor nmaterial, said nethod conprising a rapid thernal
“anneal ing step to snooth said free surdace, characterized in that before
rapid thermal 5 annealing the nethod conprises prior treatnent of a
superficial zone of the wafer to prevent the onset of pitting during rapid
t hermal annealing, and the rapid tgggggéiannealing can be conducted in a
non-reduci ng atnosphere. 10 2. Met ording to the preceding claim
characterized in that said prior treatnment is high tenperature annealing
intended to reconstruct the superficial zone. 3. Method according to the
precedi ng cl ai m- 15Mehapdctferi tharcitat thgi Hilfra efpefattiPe &ineal i ng

is conducfed.in qnngggghcngﬁﬂg§ﬂhq{ eﬁE%gft?%Qdaﬁ%QE@h”%&Hﬁ dibgy of the

[
two preceding clains, aracterized in t e tenperature 5$'sa|d hi gh
t enper at ure anapadi nghétrmesl bednmweenl 60HC aneb 130HC.srkbth Metibd faeeor di ng

to the preceding clai characterized in that the tenperature of said high
t enper at ur 8Y4AA SPinﬁH%F8§tSEP%€§n S@OCtgﬁ& 1%@6@?66.g%ﬁFﬁbd EﬁﬂFﬁing to

claim I CB%@Q&%?ZE%E“ néPREAW SR e PT 119F1 & ¥ €alFRMmd {t | S0sSi bl e to

renove 25 the disfurbed part of the superficial zone. 7. Method according

to the pre@ggpn@i@ﬁaﬂmzone of the wafer to prevent the onset of
pitting during rapid thermal annealing, and the rapid
thermal annealing can be conducted in a non-reducing
atmosphere.

10 2. Method according to the preceding claim,
characterized in that said prior treatment is high
temperature annealing intended to  reconstruct the
superficial zone.

3. Method according to the preceding claim,

15 characterized in that said high temperature annealing is
conducted in a neutral atmosphere.

4. Method according to either of the two preceding
claims, characterized in that the temperature of said
high temperature annealing lies between 600°C and 1300°C.

20 5. Method according to the preceding claim,
characterized in that the temperature of said high
temperature annealing lies between 800°C and 1100°C.

6. Method according to claim 1, characterized in
that with said prior treatment it is possible to remove

25 the disturbed part of the superficial zone.

7. Method according to the preceding <claim,
characterized in that said prior treatment is chemical

attack.



characterized in that said prior treatnment is chemcal attack. 19 8.

Met hod according to the preceding claim characterized in that said prior
treatnent is of wet etching or dry etching type. 9. Method according to
“claim6, characterized in 5 that saidiprior treatment is sacrificial

oxi dation. 10. Method according to any of the preceding clains,
.characterized in that the rapid thermal annealing step is followed by

sacrificial oxidation 1.. SO or CA structurﬁ obt ai ned  usi ng £ nethod 10
according to any ‘of tHe f%ceﬁ?%%r 1129 s £° e “preceding “cl

characterized in that said prior treatment is of wet
etching or dry etching type.

9. Method according to claim 6, characterized in

5 that said prior treatment is sacrificial oxidation.

10. Method according to any of the preceding claims,
characterized in that the rapid thermal annealing step is
followed by sacrificial oxidation.

11. SOI or SOA structure obtained using a method

10 according to any of the preceding claims.



